Objective: Currently, there are limited comparative data concerning long-term major clinical outcomes following the angiotensin-convertingenzyme inhibitors (ACEIs) and angiotensin II type 1 (AT1) receptor blockers (ARBs) therapy in patients with acute myocardial infarction (AMI) with dyslipidemia after a successful stent implantation. Therefore, we investigated major clinical outcomes for 2 years following the ACEIs and ARBs therapy in these patients. Methods: A total of 3015 patients with AMI who underwent a successful stent implantation and were prescribed ACEIs (n=2175) or ARBs (n=840) were enrolled into the study from the Korea AMI Registry (KAMIR). The major clinical endpoint was the occurrence of major adverse cardiac events (MACEs) defined as all-cause death, recurrent myocardial infarction (Re-MI), and any repeat-revascularization-comprised target lesion revascularization (TLR), target vessel revascularization (TVR), and non-TVR. Results: After the adjustment, the cumulative incidence of all-cause death in the ARBs group was significantly higher than in the ACEIs group [adjusted hazard ratio (aHR), 2.277; 95% confidence interval (CI), 1.154-4.495; p=0.018]. The cumulative incidences of MACEs (aHR, 1.305; 95% CI, 0.911-1.869; p=0.146), cardiac death, Re-MI, any repeat revascularization, TLR, TVR, and non-TVR were similar between the two groups. In addition, an advanced age (≥65 years), decreased left ventricular ejection fraction (<50%), and cardiopulmonary resuscitation on admission were meaningful independent predictors for all-cause death in this study. Conclusion: ACEIs were a preferred treatment modality when compared to ARBs for patients with AMI with dyslipidemia who underwent a successful stent implantation to reduce the incidences of all-cause death during a 2-year follow-up. However, additional research is required to determine the clinical implications of these results. (Anatol J Cardiol 2020; 23: 86-98) ABSTRACT # Y.H.K. and A.Y.H. are equally contributed to this work. Kim et al.
Introduction
Dyslipidemia is a major risk factor for the development of cardiovascular disease, and the proper treatment and prevention of dyslipidemia can reduce the cardiovascular morbidity and mortality (1) . Angiotensin-converting enzyme inhibitors (ACEIs) have been shown to reduce the incidence of major adverse cardiac events (MACEs) and death following myocardial infarction through the enhancement of the endothelial function, cardiovascular remodeling, and the inhibition of the progression of atherosclerosis (2, 3) . Angiotensin II type I (AT1) receptor blockers (ARBs) are an alternative to ACEIs for patients intolerant to ACEIs (4) (5) (6) (7) . Although previous studies, such as the Heart Outcomes Prevention Evaluation Study (HOPE) (8) , EURopean trial On reduction of cardiac events with Perindopril in stable coronary Artery disease (EUROPA) (9) , and Valsartan in Acute Myocardial Infarction Trial (VALIANT) (10) trials, showed the beneficial roles of ACEIs or ARBs in improving cardiovascular outcomes, these comparative studies were not focused on dyslipidemia. Furthermore, Borghi et al. (11) and other investigators (12) (13) (14) suggested that the overexpressed AT1 receptor, as well as an increased affinity of such receptors for circulating and locally released angiotensin II, is present in patients with hypercholesterolemia. Therefore, ACEIs and ARBs inhibit the production of angiotensin II or it's binding to the AT1 receptor in these patients.
The Survival of Myocardial Infarction Long-Term Evaluation trial (15) and its post-hoc analysis (16) have suggested that the early treatment with zofenopril was more effective in reducing the morbidity and mortality in patients with acute myocardial infarction (AMI) and hypercholesterolemia compared to patients in the placebo and the normocholesterolemic groups. Another study reported that candesartan was better than felodipine with regard to its capacity to improve hypercholesterolemia-associated endothelial dysfunction (17) . Currently, there are limited comparative data concerning the long-term major clinical outcomes following ACEIs and ARBs therapy in AMI patients with dyslipidemia. Hence, we investigated 2-year major clinical outcomes of the ACEIs and ARBs therapy in patients with AMI with dyslipidemia after a successful stent implantation.
Methods

Study population
The present nonrandomized, multicenter, observational, and retrospective cohort study is based on data from the Korea AMI Registry (KAMIR). The characteristics and detailed information of this registry have already been published (18) . A total of 5185 patients with AMI in the KAMIR from November 2005 to June 2015 were evaluated. Patients were excluded from the study based on the following criteria: (1) incomplete laboratory results (n=1321, 25.5%); (2) loss to follow-up or those who did not participate (n=113, 2.2%); (3) ACEIs or ARBs had not been prescribed (n=732, 14.1%); and (4) concomitant use of ACEIs and ARBs (n=26, 0.5%). Finally, a total of 3015 AMI patients who underwent a successful stent implantation and were prescribed ACEIs (n=2175, 72.1%) or ARBs (n=840, 27.9%) were enrolled (Fig. 1 ). The selection of treatment strategies, i.e., either ACEIs or ARBs, after a percutaneous coronary intervention (PCI) was based on the physician's preferences. All data were collected at each participating center using a web-based case report form. This study protocol was approved by the Institutional Review Board of each participating center. In addition, this study was conducted in accordance with the ethical guidelines of the 1975 Declaration of Helsinki. Informed consent was obtained from all patients prior to their enrollment. We tracked the enrolled patients via face-to-face interviews, phone calls, and chart reviews (19) .
PCI procedure and medical treatment
The diagnostic coronary angiography and PCI were performed through the femoral and the radial artery approach using the standard technique (20) . Before CAG, the loading of dual antiplatelet therapy (DAPT) was as follows: 200 to 300 mg of aspirin and 300 to 600 mg of clopidogrel; and 180 mg ticagrelor or 60 mg prasugrel could also be used as alternatives to clopidogrel. The total duration of DAPT recommended for patients who underwent PCI was >12 months (21) .
Study definitions and clinical outcomes
The presence of dyslipidemia was defined as the positive history of having dyslipidemia regardless of the presence or absence of receiving lipid-lowering agents or receiving lipidlowering agents regardless of the presence or absence of having history of dyslipidemia. Although some patients did not have a previous history of dyslipidemia or were not administered with lipid-lowering agents, their laboratory results were compatible with the diagnostic criteria of dyslipidemia, they were considered as patients with dyslipidemia in this study (22) . Because the definition of dyslipidemia varies according to different guidelines and races, we defined dyslipidemia according to the Asian guideline (23), i.e., the patients with 12hour fasting serum low-density lipoprotein (LDL) cholesterol concentrations of at least 140 mg/dL, high-density lipoprotein (HDL) cholesterol concentrations <40 mg/dL, and triglyceride (TG) concentrations ≥150 mg/dL. We defined STEMI and NSTE-MI according to the current guidelines (5) (6) (7) . MACEs were the major clinical endpoint of this study; they were defined as allcause death, recurrent myocardial infarction (Re-MI), and any coronary repeat revascularization during the 2-year follow-up period. All-cause death was classified as cardiac (CD) or non-CD. Any repeat-revascularization-comprised TLR, TVR, and non-TVR. Previously (22) , we have published the definitions of Re-MI, TLR, TVR, and non-TVR. A total of 5185 dyslipidemic AMI patients who underwent successful stent  implantation in the KAMIR were eligible from November 2005 to June 2015 Finally, a total of 3015 dyslipidemia AMI patients who underwent a successful stent implantation and were prescribed ACEIs or ARBs were enrolled ARBs (n=840) ACEIs (n=2175) Exclusion -Incomplete laboratory results (n=1321) -Lost to follow-up or did not participate (n=113) -ACEIs or ARBs had not been prescribed (n=732) -Concomitant use of ACEIs and ARBs (n=26)
Statistical analysis
For continuous variables, in this study, the normality test was performed using the Kolmogorov-Smirnov normality test. According to the normality results, the independent samples t-test or Mann-Whitney U test were applied to examine the difference of continuous variables means or medians of the two groups, and the data were expressed as the mean±standard deviations. For categorical variables, the differences between the two groups were analyzed using the chi-squared test or, if not applicable, Fisher's exact test, and the data were expressed as counts and percentages. Various clinical outcomes were estimated using the Kaplan-Meier method, and differences between the two groups were compared using the log-rank test. We included only meaningful confounding covariates (p<0.001, or those having predictive values) during the multiple Cox proportional hazard regression analysis, as shown in Table 1 . For all analyzes, two-sided p-values <0.05 were considered statistically significant. All statistical analyzes were performed using the SPSS software, version 20 (IBM; Armonk, NY, USA).
Results
Baseline characteristics
The baseline, laboratory, angiographic, and procedural characteristics of this study population are summarized in Table 2 . This study population comprised patients who had a relatively well preserved left ventricular ejection fraction (LVEF; mean, 53.3%±10.9%). The mean age of the patients in the ARBs group was higher than that of those in the ACEIs group (62.6±11.7 years vs. 59.9±11.9 years, p<0.001). The numbers of male patients, STE-MI cases, and NSTEMI cases; the peak levels of creatine kinase myocardial band (CK-MB) and troponin-I; the total cholesterol and LDL-cholesterol levels; the prescription rates of clopidogrel, cilostazol, beta-blockers (BBs), and calcium-channel blockers (CCBs); and the number of cases with American College of Cardiology/American Heart Association (ACC/AHA) type C lesions were higher in case of the ACEIs group than in case of the ARBs group. In contrast, the ARBs group showed higher mean values of body mass index; a greater number of cases with hypertension, diabetes mellitus (DM), and previous history of heart disease (MI, PCI, and cerebrovascular accidents); higher levels of blood N-terminal pro-brain natriuretic peptide and serum creatinine; higher prescription rates of ticagrelor and prasugrel; higher incidence of the left anterior descending coronary artery being as the infarct-related artery (IRA) and the left circumflex coronary artery being the treated vessel; and a greater number of cases with the ACC/AHA type B2 lesions than in the ACEIs group. Even though newly developed antiplatelet agents (ticagrelor, prasugrel) were more frequently prescribed among patients in the ARBs group, the total number of patients in who these agents were prescribed was small. The first-generation DESs (sirolimus-eluting stent and paclitaxel-eluting stent) were more frequently deployed among patients from the ACEIs group, and the biolimus-eluting stent was more frequently deployed among patients from the ARBs group. The incidence of the deployment of the zotarolimus-eluting stent and everolimus-eluting stent among the patients from the two groups was similar. Even though the length of the deployed stents and the number of deployed stents were similar between the two groups, the diameter of the deployed stent was larger in case of patients from the ACEIs group than in cases of those from the ARBs group. In addition, the numbers of cases showing cardiogenic shock, and cardiopulmonary resuscitation (CPR) on admission, and the incidence of the use of intravascular ultrasound (IVUS), optical coherence tomography (OCT), and fractional flow reserve (FFR) among the patients from the two groups were similar. Table 1 and Figure 2 show the cumulative incidences of the major clinical outcomes during the 2-year follow-up period. Before the adjustment, the cumulative incidences of MACEs [haz-ard ratio (HR), 1.424; 95% confidence interval (CI), 1.085-1.871; p=0.011], all-cause death (HR, 2.044; 95% CI, 1.269-3.290; p=0.003), CD (HR, 1.870; 95% CI, 1.109-3.154; p=0.019), TLR (HR, 1.900; 95% CI, 1.004-3.596; p=0.049) and TVR (HR, 1.640; 95% CI, 1.027-2.618; p=0.038) were significantly higher in the ARBs group than in the ACEIs group. However after the adjustment, the cumulative incidences of MACEs [adjusted HR (aHR), 1.305; 95% CI, 0.911-1.869; and CPR on admission (aHR, 2.916; 95% CI, 1.114-7.630; p=0.029) were meaningful independent predictors for all-cause death. In female patients, and patients with decreased LVEF and noncardiogenic shock, ACEIs may be preferred instead of ARBs to reduce the incidence of MACEs after stent implantation (Fig. 3a) .
Clinical outcomes
In addition, ACEIs are preferred to ARBs in male patients and patients with decreased LVEF and non-cardiogenic shock to reduce the incidence of all-cause death (Fig. 3b ).
Discussion
The main findings of this study are the following: (1) the cumulative incidence all-cause death in the ARBs group was significantly higher than that in the ACEIs group, (2) the cumulative incidences of MACE, CD, Re-MI, and any repeat revascularization including TLR, TVR, and non-TVR were similar between the two groups, and (3) an advanced age (≥65 years), decreased 6 LVEF(<50%), and CPR on admission were statistically significant independent predictors for all-cause death. ACEIs are recommended with Class I, starting within the first 24 h of STEMI in patients with evidence of heart failure, LV systolic dysfunction, diabetes, or anterior infarct. Also, ACEIs should be considered in all patients in the absence of contraindications as Class IIa according to the ESC STEMI guidelines 2017 (4).
Dyslipidemia is a major predictor for cardiovascular clinical outcomes after AMI (22) . Recently, many studies have focused on a high-dose statin therapy to reduce the risk of cardiovascular death, Re-MI, and coronary revascularization in AMI patients (24) (25) (26) , but not on the important roles of ACEIs or ARBs (4-7). It has been reported that circulating LDL-cholesterol/apolipoprotein B particles may be involved in promoting the upregulation of AT1 receptor genes and this leads to the structural overexpression of vascular AT1 receptors for angiotensin II in cultured vascular smooth muscle cells, as well as in hypercholesterolemic rabbits (13, 27) . The relationship between the renin-angiotensin system (RAS) and lipid disorders has been investigated in humans (28) . The increased availability of angiotensin II triggers the atherosclerotic process and promotes the further activation of the RAS (29) . Hence, these previous reports support the rationale for the use of RAS inhibitors in patients with lipid disorders. A Japanese study (30) has shown that compared to amlodipine, telmisartan could treat both the hemodynamic and metabolic aberrations seen in patients with metabolic syndrome. Considering previous reports (15) (16) (17) 30) the possibility of a favorable interaction between RAS inhibitors and the prevention of cardiovascular disease in patients with hypercholesterolemia has been suggested.
Even though the beneficial effects of ACEIs and ARBs on reducing the incidence of MACEs in patients with AMI have been well established (3, 31, 32) , the relative superiority of ACEIs and ARBs with regard to long-term clinical outcomes is still debatable (32, 33) . ACEIs play important roles in the conversion of angiotensin I to angiotensin II and catalyze the breakdown of bradykinin to inactive peptides, and the process leads to the accumulation of bradykinin. Bradykinin exerts numerous beneficial effects on cardiovascular protection, including vasodilation, stimulation of nitric oxide (NO), and production of prostacyclin, endotheliumderived hyperpolarizing factor, and tissue plasminogen activator (34) . ARBs selectively block the AT1 receptor. Unfortunately, this blockage induces the unwanted elevation of the circulating angiotensin II level through the stimulation of angiotensin II type 2 (AT2) receptors; this increase in the AT2 receptor levels is the main cause of cardiac myocyte hypertrophy and apoptosis, inflammation, plaque instability, and thrombus formation (35) . In one study, ACEIs were reported to be associated with better survival than ARBs in AMI patients 2-5 years after survival discharge (aHR, 0.53; 95% CI, 0.38-0.74; p<0.001) (36) . In terms of reducing the incidence of death, MI, angina, revascularization, or stroke, ARBs and ACEIs have similar capacities (HR, 0.97; 95% CI, 0.91-1.03; p=0.286), as per the VALIANT study (32) . We assume that the main causative factor of these results is related with the fact that ACEIs can reduce the level of serum angiotensin II and activate the bradykinin system. In contrast, ARBs may cause the prolonged elevation of the level of angiotensin II level and the upregulation of angiotensin I. It is well known that the elevated serum level of angiotensin II plays an important role in the pathogenesis of coronary artery disease (37) . Elevated angiotensin II levels may direct an increase in the serum cholesterol levels via the interaction with macrophage AT1 receptors, stimulating 3-hydroxy-3-methylglutaryl coenzyme A reductase gene ex-pression and ultimately leading to cholesterol accumulation in the macrophages and foam cell formation (38) . In this study, despite our attempts to adjust the diverse variables through the multiple Cox proportional hazard analysis, the baseline characteristics (Table 2) showed that the proportions of old age (≥65 years, 42.7% vs. 35 .4%, p<0.001), hypertension (71.8% vs. 56.9%, p<0.001), and DM (40.5% vs. 31.5%, p<0.001) were significantly higher in the ARBs group than in the ACEIs group. In contrast, the numbers of STEMI cases, the peak levels of CK-MB, and troponin-I, the total cholesterol, and LDL-cholesterol levels, the number of cases with ACC/ a AHA type C lesions, and the incidence of the use of first-generation DESs were higher in the ACEIs group than in the ARBs group. Hence, we speculate that these differences of baseline characteristics may play important roles in explaining the differences in mortality (e.g., all-cause death, CD) between the two groups. According to the OPTIMAAL study (33) , the clinical benefits of RAS inhibitors were more profound in the high-risk patients' subgroup, i.e., in patients with anterior MI, decreased LVEF (≤40%), heart failure, prior MI, and tachycardia. Therefore, we thought that these relatively poorer baseline characteristics of the ACEIs group may be related to a more prominent beneficial effect of RAS inhibitors in this group compared with the ARB group. Lipid-lowering agents, such as statin, may decrease the expression and density of AT1 receptors caused by hypercholesterolemia (14) through the improvement of the endothelial responses to angiotensin II stimulation (39) . In this study, the numbers of patients who were prescribed lipid-lowering agents were similar between the two groups (89.3% vs. 88.3%, p=0.430). Therefore, the influence of statins on the major clinical outcomes may be minimized in this study. Finally, we think that the results of our study may provide some meaningful information to interventional cardiologists during or after PCI and help them ascertain which treatment strategy, i.e., ACEIs or ARBs treatment, is more appropriate for patients with AMI with dyslipidemia to reduce the incidence of all-cause death.
Study limitations
This study had several limitations (21) . First, in this study, some data were under-reported or missing due to limitations of the registry data. Especially, the causes of non-CD are very important to understand the main findings of this study. Unfortunately, we could not provide the detailed causes of non-CD due to the above limitations. Therefore, we think that this is a shortcoming of this study. Second, this study was based on medications administered at discharge, and these registry data did not include the complete information concerning the presence or absence of the changes in the prescription doses of each drug during the follow-up period and long-term drug compliance (especially, crossover between ACEIs and ARBs), and drug-related adverse events; this may act as an important factor causing bias in this study. Third, we defined dyslipidemia according to the Asian guidelines such as the Japan Atherosclerosis Society guidelines; these criteria may differ according to the race and region of the patients. Fourth, the information concerning the criteria for the initiation of ACEIs and ARBs administration and the health situation when the ARBs administration was started were very important determinants for long-term clinical outcomes. However, we could not provide this information due to limitations associated with the registry data; these factors may contribute to bias. Fifth, the achievement of the target blood cholesterol level (i.e., LDL cholesterol) was a very important prognostic parameter after statin therapy during the follow-up period. However, we could not present the follow-up results of these lipid profiles due to limitations of the registry data; this may also represent a bias. Sixth, despite the multiple Cox proportional hazard regression analysis, the results of this study may differ according to the variables not included in this registry or in this analysis.
Conclusion
In this study, ACEIs were the preferred treatment modality compared to ARBs for patients with AMI with dyslipidemia, who underwent a successful stent implantation, to reduce the incidence of all-cause death during a 2-year follow-up period. However, additional research is required to determine the clinical implications of these results.
